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that conventionality remained the community standard. The facilities of the art center-studios and workshops-were never built, and in I925 Atelier Square was sold for $3,000 to a resident who planned initially on fencing it in for quail and deer; it has since been subdivided and built on. In 1954 the Village incorporated as a town, its residents composed of "lawyers, judges, businessmen, architects, engineers, and a few artists."14 Thus Beaux Arts Village backed into its present-day status as another residential suburban community. Yet it still retains hints of its founders' dreams, signs of lingering individuality: the narrowness of its streets, a mix of architectural reminiscences, its communal beach, and the generous presence of mature trees-an enclave of picturesque nostalgia in what has otherwise become a vast mileage of almost unrelieved postwar suburbia. that conventionality remained the community standard. The facilities of the art center-studios and workshops-were never built, and in I925 Atelier Square was sold for $3,000 to a resident who planned initially on fencing it in for quail and deer; it has since been subdivided and built on. THE VIERENDEEL FRAME, or truss as it is more popularly but inappropriately called, is a series of rectangular frames which achieves stability by the rigid connection of the vertical web members to the top and bottom chord. Contrary to the typical pin-connected truss in which all members are axially loaded and shear is transferred axially through diagonals, the Vierendeel transfers shear from the chords by bending moments at the joints and finally by bending moments in the vertical webs. As a result, all members are combined stress members in which axial, shear, and bending stresses exist (Fig. i) .
At first little appears to be gained by this system. The Vierendeel frame will be heavier than an equivalently loaded truss. Even though the diagonals are eliminated, bending in all members results in chord sizes and vertical webs significantly larger in cross-sectional area. Shop fabrication of the gussets is usually complicated without again increasing member sizes, or the system's depth. THE VIERENDEEL FRAME, or truss as it is more popularly but inappropriately called, is a series of rectangular frames which achieves stability by the rigid connection of the vertical web members to the top and bottom chord. Contrary to the typical pin-connected truss in which all members are axially loaded and shear is transferred axially through diagonals, the Vierendeel transfers shear from the chords by bending moments at the joints and finally by bending moments in the vertical webs. As a result, all members are combined stress members in which axial, shear, and bending stresses exist (Fig. i) .
At first little appears to be gained by this system. The Vierendeel frame will be heavier than an equivalently loaded truss. Even though the diagonals are eliminated, bending in all members results in chord sizes and vertical webs significantly larger in cross-sectional area. Shop fabrication of the gussets is usually complicated without again increasing member sizes, or the system's depth. The Vierendeel's popularity today is not attributable to engineering assets, but to the architectural and mechanical integration possible. Where expression requires a rectangular grid of openings, be it for doors, windows, or corridors, the Vierendeel is preferred. Where large open spaces occur below such rectangular grids, the Vierendeel excells again. The height can be as small as the structural depth between the ceiling of the story below to the floor of the story above, and therefore invisible to the layman's eye. Such a floor system resembles a castellated beam, but with much larger web openings. Wherever mechanical requirements are extensive and require room to accommodate large duct work or elbow room to change directions, the Vierendeel appears highly advantageous.
As in most structural systems, the Vierendeel gains tremendous rigidity with increased depth. In addition, several stories of a Vierendeel grid linked together can open extremely large areas of space below the framework and still permit rectangular openings through the system. These unique architectural opportunities have kept the Vierendeel current.
Early Development
Despite the structural disadvantages surrounding the Vierendeel, it was in the area of civil engineering rather than architecture that it was first utilized-specifically for short-span The Vierendeel's popularity today is not attributable to engineering assets, but to the architectural and mechanical integration possible. Where expression requires a rectangular grid of openings, be it for doors, windows, or corridors, the Vierendeel is preferred. Where large open spaces occur below such rectangular grids, the Vierendeel excells again. The height can be as small as the structural depth between the ceiling of the story below to the floor of the story above, and therefore invisible to the layman's eye. Such a floor system resembles a castellated beam, but with much larger web openings. Wherever mechanical requirements are extensive and require room to accommodate large duct work or elbow room to change directions, the Vierendeel appears highly advantageous.
Despite the structural disadvantages surrounding the Vierendeel, it was in the area of civil engineering rather than architecture that it was first utilized-specifically for short-span bridges. The Vierendeel's origin dates to I896. The Belgian engineer Arthur Vierendeel, then professor at the University of Louvain, unveiled the concept in his book Longerons en Treillis et Longerons a Arcades. At that time steel trusses required extremely large gusset plates to accommodate rivet groups; members were generally oversized and rarely did the center lines of all joined members intersect. Therefore, the pin-jointed theory which ignored moments, due to these eccentricities, led to errors on the critical side, approaching fifteen percent when office calculations were compared to field measurements. These discrepancies between simplified analytical methods and reality are what led Professor Vierendeel to propose the rectangular rigid-jointed system where these eccentricities could be eliminated and accuracy between analysis and reality kept in close accord. A smaller factor of safety could be used, due to this improved accuracy, so that in the early I9oos Vierendeel bridges did weigh less than alternative truss solutions.
The first (Fig. 3 ). Yet the canal merely created the lapse of a 245-foot-span bridge at Hasselt in 1938 was the most total and dramatic. A Belgian committee assigned to investigate the collapse, together with outside consultants, concluded that the welded Vierendeel system, although considered to be adequately designed, was sensitive to external influences, such as cooling, heating, vibration, or impact. By reason of its inherent joint rigidity, the system also attracted internal residual stresses and demanded an extensive knowledge of the art of welding. Similar problems with welded plate girder bridges were occurring in other countries of Europe. It was apparent that welding technology needed to catch up with welding demand. G. Willems, engineer for the Belgian state, reflected in Acier-Stahl-Steel in I957 that "Welding afforded so many advantages-of an economic, technical, and aesthetic nature-that any suggestion of abandoning it for good was quite unthinkable."2 Germany, for example, continued to build all-welded bridges while applying their construction experiences toward developing specific recommendations on welding procedures.
Unfortunately, the vast majority of Belgium's Vierendeel bridges enjoyed a brief existence, due to the German invasion and occupation in 1939. Those that were rebuilt were again destroyed during the bombing and battles that followed the D-Day invasion in I944.
After the war, the rl1e of the Vierendeel frame in Belgium's bridge reconstruction was minimal. The landscape was now redefined with more slender bowstring arches, as well as unobtrusive plate and box girder bridges. The larger spans required in other countries were gracefully handled by suspension systems and the newly developed cable stayed system found in Germany. Meanwhile, France was preoccupied with its own intriguing invention, prestressed concrete. An elaborate proposal for a suspension bridge over the Hudson River by G. Lindenthal in 1921 was intended to provide railway traffic through Vierendeel girders below a multilane roadway (Fig. 5) . Although never realized, his vision suggested possibilities for the cubistic voids of the Vierendeel, later to be applied in architecture. These examples illustrate the very specialized occasions found appropriate for use of the Vierendeel system in America. By the I930s, when the Vierendeel's civil engineering importance appeared to be waning, its architectural potential was be- ginning to surface, both abroad and in the United States. The cloud of doubt which had surrounded the Vierendeel because of welding problems began to disappear. Belgium and Germany had discovered that relieving the Vierendeel of the dynamic load requirements imposed in bridge design, and subjecting it to the static loads found in most buildings, virtually eliminated difficulties produced by welding.
Maturity
Current architectural advantages of the Vierendeel were stated at the beginning of this paper. The creative spirit of today's design philosophy has mustered a recurring need for the Vierendeel-it has become a means to an end. The Vierendeel is truly a structural compromise-less efficient than a truss in handling loads, but still in many cases superior for spatial penetration. Presumably for each instance discussed below, a more efficient structural solution was possible, but not without sacrificing space, function, circulation, light, and desired detail. The Vierendeel has proven to be a valuable contrivance. It is difficult to categorize its full range of applications, but a few major areas should be noted.
The need for integrating more and more complicated mechanical systems into building design has frequently necessitated Vierendeels. Building types such as hospitals, laboratories, or schools, which require total flexibility for their mechanical network of pipes, ducts, and conduit, have had short or full-story Vierendeels sandwiched between typical floors to permit service access from above or below. A unique example of this is a three-foot-deep open web grid system in two directions for the Medical Research Laboratory at the University of Pennsylvania (Fig. 6) . Louis Kahn's design was intended to accommodate a vast network of mechanical services, while providing 47-foot clear spans for the laboratory spaces in between. Structural consultant August E. Komendant devised pre-cast concrete Vierendeel segments intricately joined by post-tensioning techniques which kept member sizes reasonable and provided continuity with the H-section columns. Another Kahn design, the Salk Institute in San Diego, California, employs full-story Vierendeels slotted between laboratory spaces, to achieve total mechanical flexibility for changing future needs ( A third potential for Vierendeels in architecture remains concealed in the foundation. If a low bearing capacity and highly compressible soil condition exists, along with a need to eliminate differential settlements, an extremely rigid support system is required. A Vierendeel, formed by using a concrete mat for the lower chord and a concrete floor slab for the top chord, provides a deep rigid framework, tied together by columns or bearing walls as web elements. Although a solid egg-crate foundation would improve the stiffness even more, the Vierendeel's advantage is that it leaves usable space within its depth. Such a solution was attempted in I9z9 for Building B of the Bell Telephone Company in Albany, New York (Fig. 9 ). This involved a twolevel Vierendeel resting on highly sensitive clay which had to support heavy telephone exchange equipment. The delicate mechanisms required the elimination of differential movement. The foundation's performance to date has been problem free.
A recent development in multi-story construction, referred to as a cantilevered tube, is in essence a fourth category of Vierendeel usage. The building's periphery consists of a fine mesh of rectangular openings between closely spaced columns with deep spandrel girders. Acting as an extremely rigid frame, it is called upon to carry lateral as well as gravity loads. The world's tallest buildings-the Sears Tower in Chicago, the World Trade Center in New York, and the Standard Oil Building, also in Chicago-each in some way uses this system. The most structurally efficient form would be a solid tube, but since light is necessary, the Vierendeel mesh offers a reasonable compromise. Horizon- (Fig. io) . Horizontal, vertical, and sloping Vierendeels create a honeycomb interior merely to express a modern image for their product, specialty steels. Even at the sacrifice of economy and efficiency, aesthetic considerations dominated. The Boston City Hall and the Santa Cruz County Government Center in California also display Vierendeels for aesthetic purposes.
There exist a myriad of modified or partial Vierendeel applications, such as the staggered truss system, developed at M.I.T. in 1966, which maintains a pratt truss configuration for all but one rigid panel, this intended as a corridor. The idea has been effectively used in apartment buildings and hospitals to gain structural efficiency and greater rigidity, while still taking advantage of the Vierendeel's assets.
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